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Abstract – The objective of this work was to evaluate corn agronomic traits in a cultivation subjected to 
different N rates, during the fall–winter (off-season) and spring–summer crop seasons, and N recovery from 
fertilizer. The experiment was set up in a randomized complete block design with four replicates, in a 5x2 
factorial arrangement, with the following treatments: five N topdressing rates – 0, 30, 60, 90, and 120 kg ha-1 
–, using urea as source; and two crop seasons, fall–winter and spring–summer. The following variables were 
determined: plant height, height of the first ear insertion, number of grains per ear, diameter and length of 
ear, 1,000-grain weight, N concentration in the leaves and grains, grain-protein concentration, grain yield, 
N recovery from fertilizer, and soil-N supply. Nitrogen rates in the fertilizer in the fall–winter season had 
no effect on grain yield, although corn agronomic traits showed a greater reliance on fertilizer-N rates in 
that season than in the spring–summer, which is a season associated to a greater capacity of soil-N supply to 
plants. The quantification of soil-N supply enabled knowing the nutrient dynamics during the fall–winter and 
the spring–summer seasons, which may be useful to guide N fertilization of corn. 
Index terms: Zea mays, N-fertilizer management, plant nutrition, soil fertility, soil-N supply.
Características agronômicas do milho e recuperação de 
nitrogênio do fertilizante durante a safra e a safrinha
Resumo – O objetivo deste trabalho foi avaliar características agronômicas do milho em um cultivo submetido 
a diferentes doses de N, nas safras de outono–inverno (safrinha) e primavera–verão, e a recuperação do N do 
fertilizante. O experimento foi disposto em blocos ao acaso, com quatro repetições, em arranjo fatorial 5x2, 
com os seguintes tratamentos: cinco doses de N em cobertura – 0, 30, 60, 90 e 120 kg ha-1 –, com uso de ureia 
como fonte; e duas estações de cultivo, outono–inverno e primavera–verão. As seguintes variáveis foram 
determinadas: altura de planta, altura da inserção da primeira espiga, número de grãos por espiga, diâmetro 
e comprimento da espiga, massa de 1.000 grãos, concentração de N nas folhas e nos grãos, concentração de 
proteína nos grãos, produtividade de grãos, recuperação de N do fertilizante e suprimento de N pelo solo. As 
taxas de N do fertilizante na estação outono–inverno não influenciaram a produtividade de grãos, embora as 
características agronômicas do milho tenham apresentado maior dependência do N do fertilizante naquela 
estação do que na primavera–verão, que é uma estação associada a uma maior capacidade do solo de fornecer 
N para as plantas. A quantificação do suprimento de N pelo solo permitiu saber a dinâmica do nutriente 
durante a safrinha e a safra de primavera–verão, o que pode ser útil para guiar a fertilização nitrogenada do 
milho.
Termos para indexação: Zea mays, manejo da adubação nitrogenada, nutrição de plantas, fertilidade do solo, 
suprimento de N pelo solo.
Introduction
Nitrogen use efficiency in cereals is quite low 
– 33% on average (Raun & Jonhson, 1999). As 
reported by Bruulsema et al. (2009), the “4R nutrient 
stewardship” (right rate, right source, right place, and 
right time) is necessary to make decisions regarding 
the N-fertilization aiming at social, economic, and 
environmental benefits. 
Urea is the most common N source applied in 
crops around the world, because of its high-N content 
and cost effectiveness (Pan et al., 2016). However, N 
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losses from urea through NH3 volatilization is a major 
problem, decreasing the N use efficiency from this 
source even in acid soils, since urease activity increases 
pH in the vicinity of fertilizer particles (Hawkesford et 
al., 2012). This fact, added to other N losses that may 
occur, can result in little N recovery from fertilizers, if 
the nutrient losses are not minimized.
Water deficits also decrease fertilizer-N recovery by 
corn (Fosu-Mensah & Mensah, 2016), and this can be 
an important constraint for grain yield, especially in 
the off-season crops. In Brazil, most corn cultivations 
are performed during the off-season (fall–winter), and 
N fertilizers are commonly avoided in this season due 
to their expensive cost and low efficiency. In order to 
improve the cost effectiveness of N fertilizer, corn 
agronomic performance under different N rates during 
the off-season should be more studied to improve N 
fertilizer recommendations. In this sense, the amount 
of N exported through harvest, the remaining N in 
the soil, and the expected grain yield should all be 
considered to improve the recovery of N from the 
fertilizer and avoid soil-N depletion over time. 
The objective of this work was to evaluate the 
effects of N fertilizer rates on corn agronomic traits 
and on recovery of N from the fertilizer, during the 
fall–winter and spring–summer crop seasons.
Materials and Methods
This research was carried out in a Latossolo 
Vermelho (Rhodic Hapludox), according to Santos et 
al. (2013), with a clayey texture and clay mineralogy 
constituted mainly by Al/Fe oxy-hydroxides. The 
experimental site is located in the municipality of 
Dourados, in the state of Mato Grosso do Sul, Brazil 
(22°13'16"S, 54°48'2"W, at 430 m altitude). Soil samples 
were collected (0–0.20-m depth) in January 2015, 
before the establishment of the experiment, to define 
the fertilizer rates and determine the soil chemical and 
physical properties (Claessen, 1997): 5.54 pH (CaCl2); 
28.38 g dm-3 soil organic matter; 12.8 mg dm-3 P; 1.5 
cmolc dm-3 K+; 5.34 cmolc dm-3 Ca2+; 2.01 cmolc dm-3 
Mg2+; 6.5 cmolc dm-3 H+Al; 0 cmolc dm-3 Al3+; 8.8 cmolc 
dm-3 sum of base; 15.3 cmolc dm-3 cations exchange 
capacity; 57.7% base saturation; and 531, 249, and 220 
g kg-1 clay, silt, and sand, respectively.
Data on rainfall and on maximum and minimum 
temperatures, in the experimental site, are shown in 
Figure 1. In the fall–winter season, corn was cultivated 
in the field from March to July 2015; and, in the spring–
summer season, from October to February (2015/2016). 
According to the classification of Köppen-Geiger 
(Koeppen, 1948), the region has a tropical climate 
(Cwa), with rainy summer and dry winter.
The experiment design was set up in a randomized 
complete block design, with four replicates, and the 
treatments were placed in a 5x2 factorial arrangement 
consisting of five N top-dressing rates – 0, 30, 60, 90, 
and 120 kg ha-1 –, using urea as N source, and two crop 
seasons – fall–winter and spring–summer. N-fertilizer 
rates above 120 kg ha-1 were not tested because of their 
high costs and usually low economic returns. The N 
rates were applied at the V5 development stage (plant 
with five leaves). In order to increase the N use efficiency 
and minimize the NH3–N volatilization, N-fertilizer 
rates were incorporated down to 0.05 m depth, 0.10 m 
apart from the plant rows. The experimental units had 
30 m2, and mechanized operations were performed 
with a 112-HP wheel tractor.  
Before the experiment implementation, the area 
was cultivated in a no-till system, with a rotation of 
soybean, in spring–summer, and corn in the fall–winter 
season, since October 1, 2005. The corn cultivar BR 
473 was sown on February 11th, 2015, and on October 
7th, 2015, in soil managed in conventional tillage. The 
harvesting occurred on June 17th (fall–winter season) 
and on February 6th, 2016 (spring–summer season). 
Planting was performed with 6 seeds m-1, and the plant 
rows were spaced at 1.00 m from each other, resulting 
in 60,000 plants per hectare. The fertilizer was applied 
at 8 cm soil depth in the seeding rows, at 16 kg N ha-1, 
50 kg K2O ha-1, 50 kg P2O5 ha-1, 0.9 kg Zn ha-1, and 
0.9 kg B ha-1.
Weed control was done with 0.7 L ha-1 nicosulfuron 
and 3.0 L ha-1 atrazine which were sprayed on weed 
in the beginning of their vegetative stage (two leaves 
completely opened), at corn vegetative growth (V2), 
The harvest occurred on June 17th, 2015, and on 
February 6th, 2016. The following variables were 
determined at harvest: plant height, height of the first ear 
insertion, number of grains per ear, ear diameter  and 
ear length, stem diameter, 1,000-grain weight, leaf-N 
concentration, grain-N concentration, grain-protein 
concentration, recovery of N from the fertilizer (RNF), 
soil-N supply, N exported in the harvesting, and corn 
grain yield. Plant height was measured from the soil 
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surface to the basis of the flag leaf, in the beginning of 
the reproductive stage (R1), while the height of the first 
ear insertion was measured from the soil surface to the 
primary ear node. Leaf-N and grain-N concentrations 
were determined following the method described 
by Malavolta et al. (1997), and grain-crude-protein 
concentration was obtained by the multiplication of 
grain-N concentrations by the factor 6.25. 
Soil-N supply (%) was determined dividing the 
grain-N concentrations in the unfertilized plots 
(GNCu, g kg-1) by the ones in the fertilized plots (GNCf, 
g kg-1). The recovery of N from the fertilizer (RNF) 
was calculated following the methodology reported 
by Raun & Johnson (1999), according to the equation: 
RNF GNC GNC NFAf u(%) ;= −( )100  where NFA is the 
N-fertilizer  applied rate (kg ha-1).
The variables evaluated in the experiment were 
subjected to the analysis of variance and, when 
significant, their data were fitted to regression 
equations, with the aid of SPSS software (SPSS Inc., 
2007).  Principal components analysis (PCA) was 
calculated to explain the structure of the variance 
and covariance in the original variables. The variance 
contained in each principal component (PC) is 
expressed by eigenvalues of the standard matrix, in 
which the higher eigenvalues are associated with 
PC-1; the second higher eigenvalues, with PC-2; 
until the minor eigenvalue, which is associated with 
the last PC. Therefore, the first principal component 
(PC-1) explains the most variance of the original 
variables. The loading significance was determined 
according to Collins & Ovalles (1988), and PC 
loadings, or correlations between original variables 
and the first two PCs, had to be greater than a selection 
criterion (SC) for acceptation. The selection criterion 
proposed by Collins & Ovalles (1988) was defined as 
SC PC eigenvalue= ( )0 50 0 5. .. 
Results and Discussion
Plant height was higher in the spring–summer 
than in the fall–winter season, and increased with 
the application of N-fertilizer. The number of grains 
per ear was also affected by the N rates, but the crop 
seasons had no effect on it. However, there was effect 
on the stem diameter and ear length, and the spring–
summer crop season resulted in higher stem diameter, 
ear length, and 1,000-grain weight (Figure 2). 
The increase of plant growth in the spring–summer 
season was associated with better weather conditions 
of temperature and rainfall (Figure 1). The fall–winter 
season was relatively dry (664 mm), while the spring–
summer was rainy (1,329 mm). Furthermore, worse 
agronomic traits were observed in the fall–winter, 
mostly due to the lower temperature in this period, 
which reduces plant growth and, consequently, the 
photosynthesis efficiency (Dohleman & Long, 2009; 
Bergamaschi et al., 2010; Chen et al., 2013).
Leaf-N, grain-N and grain-protein concentrations 
increased with the N application rates (Figure 3), and 
they were all greater in the spring–summer than in the 
fall–winter season. Irrespective of the yield potential 
of the corn cultivar, decreased N supply results 
in proportional reduction of photosynthesis, PEP-
carboxylase, and RuBisCO activities (Uribelarrea et 
al., 2009), which consequently decreases CO2 fixing 
capacity and grain protein concentration. 
Soil-N supply reduced linearly with N-fertilizer 
rates, in both crop seasons (Figure 4). The evaluation 
of soil-N supply enabled a greater understanding of the 
N dynamics in the evaluated seasons, which might be 
useful to reduce the corn reliance on N-fertilizer rates. 
Most N recommendations for this crop do not take 
soil-N supply into consideration, which could possibly 
reduce the amount of N-fertilizer required by the crops. 
Figure 1. Decennial rainfall, maximum and minimum air 
temperatures, during the fall–winter (March to July 2015) 
and spring–summer (October to February 2015/2016) 
seasons. Data obtained from the meteorological station at 
Universidade Federal da Grande Dourados, Dourados, MS, 
Brazil.
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Figure 2. Agronomic traits of corn cultivated under different N-fertilizer rates and crop seasons (spring–summer and 
fall–winter). Means followed by equal letters do not differ, by the t-test, at 5% probability. Vertical bars correspond to the 
standard error. 
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The proportion of N uptake from the soil and 
accumulated in the grain decreased 23.72% with 
the rate of 120 kg N ha-1, in comparison to N0. Most 
of the N uptake by corn came from the soil natural 
supply, and less than 36.90% came from the fertilizer. 
Even at the high-N rate of 120 kg ha-1, the minimum 
proportion of soil-N in the grain was 75%. This 
greater importance of soil-N supply for corn mineral 
nutrition agrees with those reported by Raun & 
Johnson (1999). 
The recovery of N from the fertilizer was lower 
in the spring–summer than that of the fall–winter 
Figure 3. Nitrogen concentrations in leaves and grains, and grain-protein content in corn cultivation subjected to different 
N-fertilizer rates and crop seasons (spring–summer and fall–winter). Means followed by equal letters do not differ, by the 
t-test, at 5% probability. Vertical bars correspond to standard error. 
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(Table 1). In both crop seasons, the recovery of N from 
the fertilizer ranged from 25.99 to 36.90%, which is 
within the range of 20–50% generally reported for this 
variable (Francis et al., 1993).  Corn planted in the fall–
winter season showed a greater reliance on N-fertilizer 
than that planted in the spring–summer. The amount 
of N supplied by the soil to the grains, with the N 
rate of 0 kg ha-1, was 89.29 kg N ha-1. Conversely, in 
Figure 4. Soil-N supply, 1,000 grain weight, and grain yield of a corn cultivation subjected to different N-fertilizer rates and 
crop seasons (spring–summer and fall–winter). Means followed by equal letters do not differ, by the t-test, at 5% probability. 
Vertical bars correspond to standard error.
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the spring–summer season, it was 102.18 kg N ha-1. 
Higher mineralization rates occur in the spring–
summer season, which increases the N supply by 
the soil, and decreases the recovery of N from the 
fertilizer. Moreover, the higher recovery of N from the 
fertilizer, in the fall–winter season, can be associated 
with lower losses of NH3-N and NO3-N by leaching, 
since the higher-soil moisture in the spring–summer 
(Figure 1) can increase them due to the greater water 
translocation through the soil profile. 
Ideal conditions for the soil organic matter 
mineralization (SOM) are temperatures in the soil 
ranging from 40 to 60ºC, soil-water capacity of 50–
70%, pH 6–7, and a good soil aeration (Potrich et al., 
2014).  These conditions can not be achieved in the 
fall–winter season in tropical climate because of the 
dry winter (Figure 1). 
The application of 120 kg N ha-1 resulted in a 5% 
increase of grain yield in the fall–winter season 
(Figure 4), whereas, in the spring–summer season, 
it grain yield increased 17%, in comparison the to 
absence of N-fertilizer. Grain yield in the spring–
summer was 19.5% higher than in the fall–winter, 
which may be associated to better weather conditions 
(rainfall and temperature) in the spring–summer 
season. Nevertheless, grain yield average in the 
fall–winter season was greater than the Brazilian 
grain yield average for the off-season (5,713 kg ha-1) 
(Acompanhamento…, 2016). 
Corn small response to N-fertilizer rates in the 
fall–winter season justifies the cultivation of this crop 
without any expense with N-fertilizer, which is usually 
done in Brazil. However, the continue cultivation 
without N fertilizations may deplete SOM over time 
and, consequently, the soil-N supply (Davis et al., 
2003). Nonetheless, the absence of N-fertilizer rates in 
the fall–winter season can be considered a sustainable 
alternative, especially if crop rotation is applied with 
Leguminosae plants, which can improve the soil-N 
supply due to N fixation in the spring–summer (Sainju 
et al., 2016).
The exportation of N to grains increased 32.11% 
with the increase of N application rates from 0 to 120 
kg ha-1, in the spring–summer season. In the fall–winter 
season, this increase was of 41.70%. Exportation of 
soil-N to grains ranged from 90.12 to 101.98 kg N ha-1, 
confirming that soil-N supply is the greatest N source 
for corn. In all occasions, the amount of N exported to 
grains was greater than the applied rate of N-fertilizer . 
In both crop seasons, most variance in the 
evaluated variables could be attributed to two 
principal components (Table 2). Most PC loadings 
were significant, according to the selection criterion 
defined by Collins & Ovalles (1988), except for stem 
diameter. The first two PC explained 57.56 and 53.82% 
of the variance for the fall–winter and spring–summer 
seasons, respectively. 
First PC in the fall–winter season was positively 
correlated to  plant height (PH), ear length (EL), ear 
diameter (ED), number of grain per ear (NGE), corn 
grain yield (GY), 1,000-grain weight (1,000GW), 
leaf-N concentration (LNC), grain-N concentration 
(GNC), grain-protein concentration (GPC), and 
Table 1. Recovery of N from fertilizer in the fall–winter 
and spring–summer seasons of corn cultivation(1).
N-fertilizer  
rates (kg ha-1)
Recovery of N from fertilizer (%) Difference of  
seasons (%)Fall–winter Spring–summer
0 - - -
30 35.88Aa 27.92Ba 7.96
60 37.95Aa 23.27Ba 14.68
90 33.91Aa 27.06Ba 6.84
120 30.98Aa 28.00Aa 2.98
(1)Means followed by equal letters, lowercase in the columns and uppercase 
in the lines, do not differ, by Tukey’s test, at 5% probability.
Table 2. Correlations between variables and the first 
two principal components (PC) in the fall–winter and 
spring–summer seasons of a corn cultivation(1).
Variable Fall–winter Spring–summer
PC-1 PC-2 PC-1 PC-2
Plant height 0.74 -0.30 0.84 0.10
Height of the first ear insertion -0.64 -0.55 0.81 0.19
Stem diameter -0.02 -0.14 -0.15 0.26
Ear length 0.59 -0.07 0.32 0.41
Ear diameter 0.42 0.72 0.56 -0.14
Number of grains per ear 0.56 0.30 0.79 0.19
Grain yield 0.29 -0.70 0.66 0.54
1,000-grain weight 0.60 -0.17 0.54 0.45
Leaf-N concentration 0.86 -0.06 0.88 0.07
Grain-N concentration 0.91 -0.10 0.49 -0.58
Grain-protein concentration 0.90 0.02 0.62 -0.53
Soil-N supply -0.88 0.09 -0.53 0.61
Recovery of N from fertilizer 0.73 -0.07 0.54 -0.21
Eigenvalues 5.916 1.567 5.130 1.867
Explained variance (%) 45.51 14.05 39.46 14.36
Accumulated variance (%) 45.51 57.56 39.46 53.82
Selection criterion (SC) 0.21 0.40 0.22 0.37
(1)Underlined values had dominant PC loadings, according to the signifi-
cance level defined by Collins & Ovalles (1988). 
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recovery of N from the fertilizer (RNF). And it was 
negatively correlated to the height of first ear insertion 
(HFEI) and soil-N supply (SNS) (Figure 5 A). The 
first PC in the spring–summer season was positively 
correlated to PH, HFEI, EL, ED, NGE, GY, 1,000GW, 
LNC, GNC, GP and RNF, and negatively correlated 
to SNS. 
In the comparisons between the crop seasons, PC-1 
in fall–winter and spring–summer showed similarity 
of variation structures among the variables, with 
just one exception for HFEI. However, PC-2 did not 
show any agreement among the variability, and was 
in the fall–winter season positively correlated with 
ED, and negatively correlated with HFEI and GY. In 
the spring–summer season, PC-2 showed a positive 
correlation with EL, GY, 1,000GW, and SNS.
Ambiguous relationships among variables are 
expected due to the less than 100% variability of 
the PC. Nevertheless, some important patterns were 
observed in the first two principal components, in 
both crop seasons. In the fall–winter season, PC-1 was 
directly related to most of the variables, and inversely 
related to SNS. PCA analyses confirmed the greater 
reliance of corn cultivated on the recovery of N from 
the fertilizer in the fall–winter season. These analyses 
also confirmed that soil-N supply was lower in the 
fall–winter, and that the higher-soil-N supply in the 
spring–summer season decreased the crop reliance on 
the N-fertilizer rates.
Conclusions
1. Top-dressing with N-fertilizers can be avoided in 
the fall–winter season due to the absence of a profitable 
response of corn grain yield. 
2. The amount of N exported to corn grains is 
higher than the N-fertilizer rates applied, regardless of 
the season, since soil-N supply is the major source of 
the nutrient for corn. 
3. In the fall–winter season, the agronomic traits of 
corn rely more on N-fertilizer rates than in the spring–
summer season.
4. The knowledge on soil-N supply in the different 
crop seasons should be used to guide N-fertilizer rates 
for corn cultivation.
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